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® A semiconductor body (20) has a first and a 
second element formation surface. The semiconduc- 
tor body (20) is constructed in such a manner that a 
first semiconductor substrate (10). which has a first 
main surface at which the (100) plane appears, is 
laminated to a second semiconductor substrate (12), 
which has a second main surface at which the (110) 
plane appears. Made in the first semiconductor sub- 
strate (10) is at least one opening (18) at which is 
the second main surface of the second semiconduc- 
tor substrate (12). The first main surface of the first 
semiconductor substrate (10) becomes the first ele- 
ment formation surface of the semiconductor body 
(20), and the second main surface of the second 
semiconductor substrate becomes the second ele- 
ment formation surface of the body (20). 



F= 



fUOO) 



iO) 



FIG. \D 



22 22 



\A0 



20 



FIG. \? 



BNSOOCID: <EP pS356eiA2J_> 



Rank Xerox (UK) Business Services 

(3. 10y3.Sx/3.0. i> 



1 



EP 0 535 681 A2 



2 



This invention relates to a semiconductor body, 
its manufacturing method, and a semiconductor 
device using the body, and more particularly to a 
semiconductor body capable of optimizing the per- 
formance and characteristics of active elements. 

In a semiconductor device in which CMOS 
integrated circuits are packed, the n-channel MOS- 
FET (hereinafter, referred to as the NMOS) and the 
p-channel MOSFET (hereinafter, referred to as the 
PMOS) are formed on the same substrate. For this 
type of device, there has been no substrate struc- 
ture yet that allows the NMOS and PMOS to 
achieve their best performance. 

The related technical literature includes M. 
Kinugawa et al., lEDM Tech, Dig. p.581, 1985. 

The MOS transistor's characteristics including 
transconductance and reliability depend on the sur- 
face orientation of the substrate. Thus, it is impos- 
sible to optimize the performance and characteris- 
tics of semiconductor elements in the present-day 
semiconductor substrate (body). That is, CMOS 
semiconductor devices forming present-day NMOS 
and PMOS transistors have not yet drawn their 
maximum performance. 

Accordingly, the object of the present invention 
is to provide a semiconductor body capable of 
allowing semiconductor elements of different con- 
ductivity types not only to simultaneously display 
their full performance but also to form semiconduc- 
tor elements with the optimum characteristics into a 
device, its manufacturing method, and a semicon- 
ductor device using the body. 

To attain the foregoing object, a semiconductor 
body of the present invention contains a portion 
having a first surface orientation, and a portion 
having a second surface orientation almost parallel 
to the first portion. 

Because the semiconductor body has the first 
surface orientation portion and the second orienta- 
tion portion almost parallel to the first portion, for- 
ming semiconductor elements of different conduc- 
tivity types in the first and second surface orienta- 
tion portions, respectively, makes it possible to 
maximize the performance of those semiconductor 
elements of different conductivity types at the 
same time. 

The semiconductor element formed in the first 
surface orientation portion differs from that In the 
second surface orientation portion in the perfor- 
mance and characteristics. This makes it possible 
to form semiconductor elements with the optimum 
characteristics into a semiconductor device by for- 
ming the semiconductor element either in the first 
or the second surface orientation portion, depend- 
ing on the requirements. 

The semiconductor device thus formed has 
several advantages such as the improved perfor- 
mance. 



A concrete method of forming the above semi- 
conductor body is first to prepare a first semicon- 
ductor substrate whose main surface has a first 
surface orientation, and a second semiconductor 

5 substrate whose main surface has a second sur- 
face orientation, and then laminate the main sur- 
face of the first semiconductor substrate to that of 
the second semiconductor substrate, and finally 
make at least one opening in the first semiconduc- 

70 tor substrate so that the second semiconductor 
substrate may be exposed. 

Growing an epitaxial semiconductor layer in the 
opening allows the first surface orientation portion 
to be almost flush with the second surface orienta- 

1$ tion portion. With the semiconductor body thus 
formed, the step gap between the first and second 
surface orientation portions is alleviated. Therefore, 
this body has the advantage of facilitating the con- 
nection of semiconductor elements by the intercon- 

20 nection layer. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

25 Figs. 1A to 1F are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to a first embodiment of the present 
invention; 

Figs. 2A to 2E are sectional views in the manu- 
30 facturing sequence of a semiconductor device 
according to a second embodiment of the 
present invention; 

Figs. 3A to 3G are sectional views in the manu- 
facturing sequence of a semiconductor device 
35 according to a third embodiment of the present 
invention; 

Figs. 4A to 4F are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to a fourth embodiment of the present 
40 invention; 

Figs. 5A to 5E are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to a fifth embodiment of the present 
invention; 

45 Figs. 6A to 6E are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to a sixth embodiment of the present 
invention; 

Fig. 7 is a sectional view of a semiconductor 
50 device according to a seventh embodiment of 

the present invention; 

Figs. BA to 8E are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to an eighth embodiment of the 
55 present invention; 

Figs. 9A to 9E are sectional views in the manu- 
facturing sequence of a semiconductor device 
according to a ninth embodiment of the present 
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invention; 

Rg. 10 is a sectional view of a semiconductor 
device according to a tenth embodiment of the 
present invention; 

Fig. 11 is a block diagram of a memory cell 
portion of a dynamic RAM; 
Rg. 12 Is a block diagram of a memory cell 
portion of a static RAM; 

Rg. 13 is a diagram of the sense circuit shown 
in Rgs. 11 and 12; 

Rg. 1 4 is a circuit diagram of the static memory 
cell of Rg. 12; 

Rg. 15 Is another circuit diagram of the static 
memory cell of Fig. 12; 

Rg. 16 is a block diagram of a memory cell 
portion and a row decoder portion of the prog- 
rammable ROM; 

Rg. 17 is a circuit diagram of the AND gate and 
level shifter of Rg. 16; and 

Rg. 18 is a perspective view, in cross section, of 
a part of the MOSFETs constituting a memory 
cell portion and peripheral circuit portion of the 
programmable ROM of Fig. 16. 
Referring to the accompanying drawings, em- 
bodiments of the present invention will be ex- 
plained. The like parts are indicated by the cor- 
responding reference characters throughout the 
drawings, and their repetitive explanation will be 
omitted. 

Figs. 1 A to IF are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to a first embodiment of the present inven- 
tion. 

First prepared are a single-crystal silicon sub- 
strate (wafer) 10 in which the (100) plane appears 
at the main surface and a single-crystal silicon 
substrate (wafer) 12 in which the (110) plane 
comes out to the main surface (Fig. 1 A). 

Then, the substrate 10 is laminated to the 
substrate 12 to form a silicon body 20 (Fig. IB). 
The lamination of those two substrates is carried 
out by, for example, planishing adhesion tech- 
niques. 

Next, on the main surface of the silicon sub- 
strate 10, a mask material 14 made of, for example, 
a silicon oxide film is deposited. A photoresist (not 
shown) is applied over the mask material 14 to 
form a photoresist layer. Patterning is done on the 
photoresist layer by the photoetching method to 
make a window in the photoresist layer in order to 
form an opening. 

The mask material 14 is then etched, using the 
photoresist layer as a mask. This forms a window 
16 in the mask material 14 at which the main 
surface of the substrate 10 is exposed. With the 
mask material 14 as a mask, the substrate 10 is 
etched to form an opening 18 that allows the main 
surface of the substrate 12 to be exposed (Fig. 



1C). 

To facilitate the formation of the opening 18, 
before or after the lamination process of Fig. IB, 
the substrate 10 may be polished to reduce its film 

5 thickness. 

Next, the mask material 14 is removed. After 
those processes have been completed, the silicon 
body 20 has portions of different surface orienta- 
tions: a portion where the (100) plane is exposed 

10 and a portion where the (110) plane is exposed. 
Since these planes are almost parallel to each 
other, semiconductor elements can be formed at 
the (100) plane and the (110) plane, in the same 
manner as with a normal wafer (Fig. ID). 

16 Then, with a photoresist (not shown) as a 

mask, p-type Impurities are introduced into the 
substrate 10 with the (100) surface orientation. By 
using a new photoresist (not shown) as a mask, n- 
type impurities are then introduced into the sub- 

20 strate 12 with the (110) surface orientation. Next, 
the Introduced impurities are activated to form a p- 
type well 22 in the substrate 10, and an n-type well 
24 in the substrate 12 (Fig. IE). 

Then, an NMOS 26 is formed in the p-type well 

25 22. and a PMPS 28 is fonmed in the n-type well 24. 
This completes the semiconductor device of the 
first embodiment (Rg. IF). 

As described above, with the first embodiment, 
the silicon body 20 has a plurality of different 

30 surface orientation portions, in which NMOSes and 
PMOSes are formed so as to achieve their maxi- 
mum performance, thereby providing a high-perfor- 
mance semiconductor device. As an example in 
the first embodiment, a PMOS is formed in the 

35 substrate 10 with the (100) surface orientation, and 
an NMOS is formed in the substrate 12 with the 
(110) surface orientation. 

Packing such semiconductor devices into an 
integrated circuit provides a high-performance 

40 semiconductor integrated circuit device. 

Figs. 2A to 2E are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to a second embodiment of the present 
invention. 

45 First prepared are a p-type single-crystal sili- 

con substrate (wafer) 30 in which the (100) plane 
comes out to the main surface and an n-type 
single-crystal silicon substrate (wafer) 32 In which 
the (110) plane appear at the main surface (Rg. 

50 2A). 

Then, the substrate 30 is laminated to the 
substrate 32 by. for example, planishing adhesion 
techniques to form a silicon body 40 (Fig. 2B). 
Next, by the same method as explained in Rg. 
55 1C, a mask material 14 with a window, composed 
of, for example, a silicon oxide film. Is formed on 
the p-type substrate 30. With the mask material 1 4 
as a mask, the p-type substrate 30 is etched to 
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make an opening 18 that allows the main surface of 
the n-type substrate 32 to appear at the bottom 
(Fig. 2C). 

Then, the mask material 14 is removed. After 
those processes have been completed, the silicon 
body 40 has portions of different surface orienta- 
tions: a portion with the (100) plane and a portion 
with the (110) plane. Further, in the present em- 
bodiment, the portions of different surface orienta- 
tions are of different conductivity types (Fig. 2D). 

Next, an NMOS 26 is formed in the p-type 
substrate 30, and a PMOS 28 is formed In the n- 
type substrate 32. This completes the semiconduc- 
tor device of the second embodiment (Fig. 2E). 

With the second embodiment, as with the first 
embodiment, by forming the NMOS and PMOS in 
the portions with surface orientations that enable 
their best performance to be achieved, a high- 
performance semiconductor device can be made. 
Making the conductivity types of the two substrate 
30 and 32 different permits the omission of the well 
formation process, simplifying the manufacturing 
processes. 

Figs. 3A to 3G are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to a third embodiment of the present inven- 
tion. 

First prepared are a single-crystal silicon sub- 
strate (wafer) 10 in which the (100) plane comes 
out to the main surface and a single-crystal silicon 
substrate (wafer) 12 in which the (110) plane ap- 
pear at the main surface (Fig. 3A). 

Then, the substrate 10 is laminated to the 
substrate 12 by, for example, planishing adhesion 
techniques to form a silicon body 20 (Fig. 3B). 

Next, by the same method as explained in Fig. 
1C. a mask material 14 is formed on the substrate 
10. W\ih the mask material 14 as a mask, the 
substrate 10 is etched to make an opening 18 that 
allows the main surface of the substrate 12 to 
appear at the bottom (Fig. 3C). 

Then, a sidewall 50 made of, for example, a 
silicon nitride film is formed on the side of the 
opening 18. This sidewall 50 is created by forming, 
for example, a nitride film over the substrates 10 
and 12, and etching the nitride film by RIE or 
anistropic etching techniques to leave a nitride film 
in the form of a sidewall on the side of the opening 
18 (Fig. 3D). 

Next, by using the mask material 14 as a 
mask, an epitaxial silicon layer 52 is grown on the 
substrate 1 2 exposed at the bottom of the opening 
18. The epitaxial silicon layer 52 is formed by a 
selective epitaxial growth (hereinafter, referred to 
as SEG) method that uses the substrate 12 as 
seed crystal. This permits the plane whose surface 
orientation is the same as that of the main surface 
of the substrate 12, or the (110) plane to appear at 



the surface of the epitaxial silicon layer 52. Here, 
by controlling the thickness of the epitaxial silicon 
layer 52 to be grown, the surface of the epitaxial 
silicon layer 52 can be made almost flush with the 

5 surface of the substrate 10. Therefore, the silicon 
body 20 has portions of different surface orienta- 
tions: a portion with the (100) plane and a portion 
with the (110) plane. Further, in the body 20 of the 
present embodiment, those portions of different 

10 surface orientations can be made flush with each 
other. The mask materia! 14 is then removed from 
over the substrate 10 (Fig. 3E). 

Then, with a photoresist (not shown) as a 
mask, p-type impurities are introduced into the 

15 substrate 10 with the (100) surface orientation. By 
using a new photoresist (not shown) as a mask, n- 
type impurities are then introduced into the epitax- 
ial silicon layer 52 with the (110) surface orienta- 
tion. Next, the introduced impurities are activated 

20 to form a p-type well 22 in the substrate 10, and an 
n-type well 24 in the epitaxial silicon layer 52 (Fig. 
3F). 

Then, an NMOS 26 is formed in the p-type well 
22, and a PMPS 28 is formed in the n-type well 24. 

25 This completes the semiconductor device of the 
third embodiment (Fig. 3G). 

The semiconductor device of the third embodi- 
ment has the same effects as the first embodiment 
does. It also provides the silicon body that enables 

30 the portions of different surface orientations to be 
almost flush with each other. As a result, with the 
body of Fig. 3E, the step gap between the portions 
of different surface orientations can be alleviated, 
which facilitates the connection of semiconductor 

35 elements by the interconnection layer. 

Figs. 4A to 4F are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to a fourth embodiment of the present 
invention. 

40 First prepared are a p-type single-crystal sili- 

con substrate (wafer) 30 in which the (100) plane 
comes out to the main surface and an n-type 
single-crystal silicon substrate (wafer) 32 in which 
the (110) plane appear at the main surface (Fig. 

45 4A). 

Then, the p-type substrate 30 is laminated to 
the n-type substrate 32 by, for example, planishing 
adhesion techniques to form a silicon body 40 (Fig. 
4B). 

50 Next, by the same method as explained in Fig. 

1C, a mask material 14 is formed on the substrate 
30. With the mask material 14 as a mask, the 
substrate 30 is etched to make an opening 18 that 
allows the main surface of the substrate 32 to 

55 appear at the bottom (Fig. 4C). 

Then, a sidewall 50 made of, for example, a 
silicon nitride film is formed on the side of the 
opening 18, in the same manner as explained in 
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Fig. 3D (Rg. 4D). 

Next, by the same method. as described in Fig. 
3E, that is. by the SEG method using the mask 
material 14 as a mask, an n-type epitaxial silicon 
layer 54 is grown on the substrate 12 exposed at 
the bottom of the opening 18. After those pro- 
cesses have finished, the silicon body 40 has por- 
tions of different surface orientations: a portion with 
the (100) plane and a portion with the (110) plane. 
Further, in the body 40 of the present embodiment, 
those portions of different surface orientations are 
of different conductivity types and can be made 
flush with each other. The mask material 14 is then • 
removed from over the substrate 30 (Fig. 4E). 

Then, an NMOS 26 is formed in the p-type 
substrate 30, and a PMPS 28 is formed in the n- 
type epitaxial layer 54. This completes the semi- 
conductor device of the fourth embodiment (Fig. 
4F). 

The semiconductor device of the fourth em- 
bodiment provides the silicon body 40 that enables 
the portions of different surface orientations to be 
of different conductivity types and be almost flush 
with each other. This makes it possible to alleviate 
the step gap between the portions of different 
surface orientations, which facilitates the connec- 
tion of semiconductor elements by the interconnec- 
tion layer. Further, the arrangement of different 
surface orientation portions being of different con- 
ductivity types makes it possible to omit the well 
formation process. 

Rgs. 5A to 5E are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to a fifth embodiment of the present inven- 
tion. 

First, a silicon body 20 having portions of dif- 
ferent surface orientations is formed by the method 
explained in Figs. 1A to ID (Fig. 5A). 

' With a photoresist (not shown) as a mask, p- 
type impurities are introduced into substrates 10 
and 12 to form p-type wells 22^ and 223 in the 
substrate 10 and a p-type well 222 in the substrate 
12. Then, by using a new photoresist (not shown) 
as a mask, n-type impurities are introduced into the 
substrates 10 and 12 to form an n-type well 24i In 
the substrate 10 and a p-type well 242 in the 
substrate 12 (Fig. 5B). 

Next, a field oxide film 60 serving as an ele- 
ment separating region is formed on the substrates 
10 and 12 by LOCOS techniques (Rg. 50). 

Then, the silicon-exposed surfaces of the sub- 
strates 10 and 12 undergo, for example, thermal 
oxidation to form gate oxide films 62(ioo) and 62(uo) 
(Fig. 50). Since the portion with the (100) surface 
orientation differs from that with the (110) surface 
orientation in oxidation ratio, this results in the 
difference in the film thickness between the oxide 
film 62(100) on the substrate 10 and the oxide film 



62<iio) on the substrate 12. If the thickness of the 
oxide film on the (100) plane is Tqxcioo) and that of 
the oxide film on the (110) plane is Tqxoio), their 
relationship is expressed as: 

5 

Tox<ioo) < Toxdio) (1) 

Then, for example, a polysilicon layer is 
formed on each of the gate oxide films 62^1 qo) and 

10 62(110), and the resulting layers are subjected to 
patterning to form gate electrodes 64i to 64*. By 
using a photoresist (not shown), the gate elec- 
trodes 64i and 644, apd field oxide film 60 as a 
mask, n-type impurities are introduced into p-type 

75 wells 22i to 223 to form an n-type diffused layer 66 
to become the source/drain of the NMOS. After 
this, by using a new photoresist (not shown), the 
gate electrodes 642 and 643. and field oxide film 
60 as a mask, p-type impurities are introduced into 

20 n-type wells 24i to 242 to form a p-type diffused 
layer 68 to become the source/drain of the PMOS. 
In this way. NMOSes 26(ioo) and 26(iio) are formed 
in the F>-type wells 22i to 223, and PMOSes 28(ioo) 
and 28(110) are formed in the n-type wells 24i and 

25 242. This completes the semiconductor device of 
the fifth embodiment (Fig. 5E). 

As described above, an NMOS and a PMOS 
may be formed in portions of different surface 
orientations, respectively. 

30 Figs. 6A to 6E are sectional views in the manu- 

facturing sequence of a semiconductor device ac- 
cording to a sixth embodiment of the present in- 
vention. 

First, a silicon body 40 having portions of dif- 

35 ferent surface orientations and of different con- 
ductivity types, is formed by the method explained 
in Figs. 2A to 2D (Rg. 6A). 

With a photoresist (not shown) as a mask, p- 
type impurities are introduced into the n-type sub- 

40 strate 32 to form a p-type well 22 in the n-type 
substrate 32. Then, by using a new photoresist (not 
shown) as a mask, n-type impurities are introduced 
into the p-type substrate 30 to form an n-type well 
24 in the p-type substrate 30 (Fig. SB). 

45 Next, a field oxide film 60 serving as an ele- 

ment separating region is formed on the p-type 
substrate 30 and n-type substrate 32 by LOCOS 
techniques (Fig. 6C). 

Then, the silicon-exposed surfaces of the p- 

50 type substrate 30 and n-type substrate 32 undergo, 
for example, thermal oxidation to form gate oxide 
films 62(100) and 62^uo) (Fig. 6D). As explained in 
Fig. 5D, there is also the relationship between the 
thickness Tox(ioo) of the oxide film 62(ioo) formed on 

55 a portion with the (100) surface orientation and the 
thickness Tqxoio) of the oxide film 62^^^o) formed on 
a portion with the (110) surface orientation, as 
represented by expression (1). 
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By the same way as explained in Fig. 5E, an 
NMOS 26(100) is fornned in the p-type substrate 30, 
an NMOS 26(no) in the p-type well 22, a PMOS 
28(100) in the n-type well 24, and a PMOS 28<iio) in 
the n-type substrate 32. This completes the semi- 
conductor device of the sixth embodiment (Fig. 
6E). 

As described above, an NMOS and a PMOS 
may be formed in the portions of different surface 
orientations and of different conductivity types, re- 
spectively. 

Fig. 7 is a sectional view of a semiconductor 
device according to a seventh embodiment of the 
present invention. 

As shown in Fig. 7, a p-type silicon substrate 

301 may be laminated to a p-type silicon substrate 

302 to form a silicon body 42 of the p-type con- 
ductivity having different surface orientation por- 
tions, and then an n-type well 24i be formed at the 
p-type substrate 30i with the (100) plane exposed 
and an n-type well 242 at the p-type substrate SOa 
with the (110) plane exposed, and finally an NMOS 
26(100). an NMOS 26(iio). a PMOS 28(ioo>. and a 
PMOS 28(110) be formed. 

The p-type body 42 is formed by the method 
described in Figs. 1A to 1D. especially, by making 
the substrates 10 and 12 of the p-type. 

Figs. 8A to 8E are sectional views in the manu- 
facturing sequence of a semiconductor device ac- 
cording to an eighth embodiment of the present 
invention - 

First, a silicon body 20 having portions of dif- 
ferent surface orientations, almost flush with each 
other, is formed by the method explained referring 
to Figs. 3A to 3E (Fig. 8A). 

With a photoresist (not shown) as a mask, p- 
type impurities are introduced into the substrate 10 
and epitaxial silicon layer 52 to form p-type wells 

221 and 223 in the substrate 10 and a p-type well 

222 in the epitaxial silicon layer 52. Then, by using 
a new photoresist (not shown) as a mask, n-type 
impurities are introduced into the substrate 10 and 
epitaxial silicon layer 52 to form an n-type well 24i 
in the substrate 10 and a p-type well 242 in the 
epitaxial silicon layer 52 (Fig. 8B). 

Next, a field oxide film 60 serving as an ele- 
ment separating region is formed on the substrate 
10 and epitaxial silicon layer 52 by LOCOS tech- 
niques (Fig. 8C). Here, between the substrate 10 
and epitaxial silicon layer 52 is formed a silicon 
nitride film 50 with a film thickness of W. which 
insulates the substrate 10 from the epitaxial silicon 
layer 52. For this reason, it is not necessary to 
introduce the field oxide film 60 to this region. 

Then, the silicon-exposed surfaces of the sub- 
strate 10 and epitaxial silicon layer 52 undergo, for 
example, thermal oxidation to form gate oxide films 
62(100) and 62(iio) (Fig. BD). As explained in Fig. 



50. there is the relationship between the thickness 
Tox(ioo) oi the oxide film 62(ioo) on the substrate 
with the (100) surface orientation and the thickness 
Tox(iio) of the oxide film 62(iio) on the epitaxial 

5 silicon layer 52 with the (110) surface orientation, 
as represented by expression (1). 

By the same way as explained in Fig. 5E. an 
NMOS 26(100) is formed in each of the p-type wells 
22i and 223. an NMOS 26(iio) >n the p-type well 

10 222, a PMOS 28(100) in the n-type well 24i . and a 
PMOS 28(110) in the n-type well 242. This com- 
pletes the semiconductor device of the eighth em- 
bodiment (Fig. 8E). 

As described above, by using the silicon body 

1$ 20 where different surface orientation portions are 
almost flush with each other, an NMOS and a 
PMOS may be formed in the portions of different 
surface orientations, respectively. 

Figs. 9A to 9E are sectional views in the mahu- 

20 facturing sequence of a semiconductor device ac- 
cording to a ninth embodiment of the present in- 
vention. 

First, a silicon body 40 having portions of dif- 
ferent surface orientations and of different con- 
25 ductivity types, almost flush with each other, is 
formed by the method explained in Figs. 4A to 4E 
(Rg. 9A). 

With a photoresist (not shown) as a mask, p- 
type impurities are introduced into the n-type epi- 
30 taxlal silicon layer 54 to form a p-type well 22. 
Then, by using a new photoresist (not shown) as a 
mask, n-type impurities are Introduced Into the p- 
type substrate 30 to form an n-type well 24 (Fig. 
9B). 

35 Next, a field oxide film 60 serving as an ele- 

ment separating region is formed on the p-type 
substrate 30 and n-type epitaxial silicon layer 54 
by LOCOS techniques (Fig. 90). Since a silicon 
nitride film 50 with a film thickness of W is formed 
40 between the p-type substrate 30 and epitaxial sili- 
con layer 54, it is not necessary to introduce the 
field oxide film 60 to this particular portion, as 
explained in Fig. 80. 

Then, the silicon-exposed surfaces of the p- 
45 type substrate 30 and n-type epitaxial silicon layer 
54 undergo, for example, thermal oxidation to form 
gate oxide films 62(ioo) and 62(iio) (Fig. 9D). As 
explained in Fig. 5D, there is the relationship be- 
tween the thickness Tox(ioo) of the oxide film 62(ioo) 
50 and the thickness Tox(iio) of the oxide film 62(iio), 
as represented by expression (1 ). 

By the same way as explained in Fig. 5E, an 
NMOS 26(100) is formed in the p-type substrate 30, 
an NMOS 26(iio) in the p-type well 22, a PMOS 
55 28(100) in the n-type well 24, and a PMOS 2S^^^Q) in 
the n-type epitaxial silicon layer 54. This completes 
the semiconductor device of the ninth embodiment 
(Fig. 9E). 
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As described above, by using the silicon body 
40 where different surface orientation portions of 
different conductivity types are almost flush with 
each other, an NMOS and a PMOS may be formed 
in the portions of different conductivity types, re- 
spectively. 

Fig. 10 is a sectional view of a semiconductor 
device according to a tenth embodiment of the 
present invention. 

As shown in Fig. 10, a p-type silicon substrate 
30i may be laminated to a p-type silicon substrate 
3O2. and then a p-type epitaxial silicon layer 56 be 
grown on the substrate 3O2 to form a silicon body 
42 of the p-type conductivity with different surface 
orientation portions almost flush with each other, 
and finally an NMOS 26(ioo). an NMOS 26(iio)> a 
PMOS 28(100), and a PMOS 28(iio) be formed in the 
resulting body. 

Next explained will be an example of applying 
the semiconductor devices described in the first to 
tenth embodiments to a practical device. 

Fig. 11 is a typical block diagram of a memory 
cell portion of a dynamic RAM (hereinafter, referred 
to as the DRAM), and Ftg. 12 is a typical block 
diagram of a memory cell portion of a static RAM 
(hereinafter, referred to as the SRAM). 

As shown in Figs. 11 and 12. dynamic memory 
cells 100 or static memory cells 102 are connected 
at the intersections of word lines WLO to WU and 
bit lines BLo. BU" (the symbol - means that the 
inverted signal is supplied), and BLi , BLi ~. The bit 
line pairs BLo, BLo~ and 6L1, BLi' of the DRAM 
and SRAM are generally connected to a sense 
circuit 1 04 that performs differential amplification of 
the data signal flowing through the bit line pair. 

Fig. 13 is a diagram showing a practical circuit 
con figuration of the sense circuit 104 shown in 
Figs. 1 1 and 1 2. 

As shown in Fig. 13, the drain of PMOS 106 
and that of NMOS 108 are connected to bit line 
BLo. one part of the bit line pair, to which the gate 
of PMOS 110 and that of NMOS 112 are also 
connected. The drain of PMOS 110 and that of 
NMOS 112 are connected to bit line BLo". the 
other part of the bit line pair, to which the gate of 
PMOS 106 and that of NMOS 108 are also con- 
nected. The sources of PMOSes 106 and 110 are 
each connected to a high-potential power supply 
VGC. The sources of NMOSes 108 and 112 are 
connected to a tow-potential power supply, for ex- 
ample, the ground GND, via the current path of an 
NMOS 114 that, receiving the sense signal SENSE 
at its gate, switches the sense circuit 104. 

With the sense circuit 104 thus constructed, 
equalizing the performance of PMOS with that of 
NMOS enables an improvement in the performance 
of the sense circuit 104. Taking into account the 
fact that in present-day MOSFETs, the perfor- 



mance of NMOS is superior to that of PMOS, it is 
the best way to improve the performance of PMOS 
in order to equalize PMOS and NMOS in perfor- 
mance. 

5 In view of this point, by making PMOSes 106 

and 110 of PMOS 28(no). using the semiconductor 
devices explained in the first to tenth embodi- 
ments, the performance can be improved. Con- 
structing NMOSes 108 and 112 of NMOS 26(ioo) 

10 enables the equalization of PMOS and NMOS in 
performance. 

Fig. 14 is a diagram showing a first practical 
circuit configuration of the static memory cell 102 
shown in Fig. 12. 

75 As shown in Fig. 14, the drain of NMOS 116 is 

connected to a high-potential power supply VCC 
via a resistance 117, as well as to the gate of 
NMOS 118. The source of NMOS 116 is connected 
to a low-potential power supply, for example, the 

20 ground GND. The drain of NMOS 118 is connected 
to the high-potential power supply VCC via a resis- 
tance 119. and its source is connected to the 
ground GND and the gate of NMOS 116. These 
NMOSes 116 and 118, resistances 117 and 119 

25 constitute a latch circuit, which latches the data for 
subsequent use. The drain of NMOS 116 is con- 
nected to bit line BLo via the current path of a data 
transfer transistor NMOS 120. Similarly, the drain 
of NMOS 118 is connected to bit line BLo" via the 

30 current path of a data transfer transistor NMOS 
122. The gate of each of NMOSes 120 and 122 is 
connected to word line WL. 

With the static memory cell 102 thus con- 
structed, by increasing the ratio ^j/^o of the driving 

35 capability /3t of the data transfer transistors, or 
NMOSes 120 and 122 to the driving capability fio 
of the data-driving transistors, or NMOSes 116 and 
118, the stability of the memory cell 102 is im- 
proved. 

40 Especially by using the semiconductor devices 

explained in the fifth to tenth embodiments, 
NMOSes 120 and 122 (data transfer transistors) are 
made up of NMOS 26<iio). which provides a thicker 
gate oxide film, while NMOSes 116 and 118 (data- 

46 driving transistors) are composed of NMOS 26(ioo). 
which provides a thinner gate oxide film. With this 
ar rangement. a difference In the gate oxide film 
thickness creates a difference in the driving capa- 
bility of MOSFET. thereby increasing the ratio 

50 /St//3d. 

Fig. 15 is a diagram showing a second prac- 
tical circuit configuration of the static memory cell 
102 shown in Fig. 12. 

As shown in Fig. 15. NMOSes 116 and 118. 
55 and PMOSes 121 and 123 constitute a latch circuit, 
which latches the data for subsequent use. 

With a cell of such a CMOS circuit configura- 
tion, by making smaller the element separating 



7 



BNSOOCIO: <EP ^0S35681A2_L> 



13 



EP 0 535 681 A2 



14 



region that separates the PMOS formation region 
from the NMOS formation region, it is possible to 
efficiently reduce the area per ceil. 

Especially by using the senniconductor devices 
explained in the third, fourth, eighth, ninth, and 
tenth embodiments, NMOSes 116 and 118, and 
PMOSes 121 and 123 are formed in different sur- 
face orientation portions, respectively. 

With the device of such a configuration, the 
NMOS formation region (such as the p-type well 22 
or p-type silicon substrate 30) is separated from 
the PMOS formation region (such as the n-type 
well 24 or n-type epitaxial layer 54) by silicon 
nitride film 50. That is, using the nitride film 50 as 
the element-separating region makes the size of 
the region smaller than that formed by. for exam- 
ple, LOCOS techniques, thereby reducing the cell 
area. This provides a device construction suitable 
for a high-capacity static RAM, for example. 

The effect of making the element separating 
region finer can be obtained with not only the static 
memory cell but also devices of other CMOS cir- 
cuit arrangements. 

The same effect is. of course, obtained when 
the silicon nitride film 50 separates elements of the 
same conductivity type from each other, such as 
NMOS on the (100) plane from NMOS on the (110) 
plane, or PMOS on the (100) plane from PMOS on 
the (110) plane, in addition to separating the ele- 
ments, such as NMOS and PMOS. of the CMOS 
circuit. 

Applying the memory cell of Fig. 15 to the 
present invention provides the following construc- 
tion, for example. 

Taking into account the difference in perfor- 
mance between NMOS and PMOS in the latch 
circuit. NMOSes 116 and 118 are composed of 
NMOS 26(100). and PMOSes 121 and 123 are made 
up of PMOS 28(110). 

Data transfer NMOSes 120 and 122 are made 
up of NMOS 26(110), which provides a thicker gate 
oxide film, taking Into account the cell stability. 

Fig. 16 is a typical block diagram of a memory 
cell portion and a row decoder portion of a prog- 
rammable ROM (hereinafter, referred to as the 
PROM). 

Presently, PROMs include EPROMs. which 
electrically write the data and erase it by radiation 
of ultraviolet rays, and EEPROMs, which electri- 
cally write and erase the data. 

In such PROMs, when the data is written or 
erased, the potential of the word line and bit line is 
raised. 

For example, in Fig. 16 showing mainly the 
connection of the memory cells 130 with the row 
decoder 132, level shifters 134 are provided be- 
tween the outputs of AND gates 133 constituting 
the row decoder 132 and word lines WU to WU in 



order to raise the potential of word lines WU to 
Wl-3 for activation. 

Fig. 17 is a diagram showing a practical circuit 
con figuration of the AND gate 133 and level shifter 

5 134 of Fig. 16. 

As shown in Fig. 17, the AND gate 133 is 
constructed in such a manner that the source and 
drain of PMOS 140 are connected to the source 
and drain of PMOS 142, respectively, and a NAND 

10 gate composed of NMOSes 144 and 146 whose 
current paths are connected in series with each 
other is connected between the common drain and 
the low-potential power supply, for example, the 
ground GND, and then the output of the NAND 

IS gate is inverted by an inverter made up of PMOS 
148 and NMOS 150, Address signal Ao is supplied 
to the gates of PMOS 142 and NMOS 146. and 
address signal Ai to the gates of PMOS 140 and 
NMOS 144. 

20 The level shifter 134 is composed as follows. 

The source of PMOS 152 is connected to the high- 
potential power supply VCC or a terminal Vsw to 
which a program potential VPP is selectively sup- 
plied, and its drain is connected to the drain of 
25 NMOS 154. PMOS 152 also has its gate connected 
to the drain of PMOS 156 as well as the drain of 
NMOS 158 and word line WU. NMOS 154 has its 
source connected to the drains of PMOS 148 and 
NMOS 150 of the NAND gate 133. and its gate 
30 supplied with the high-potential power supply VCC. 
The gate of PMOS 156 is connected to the drains 
of PMOS 152 and NMOS 154. NMOS 158 has its 
gate connected to the source of NMOS 154, and its 
source connected to a low-potential power supply, 
35 for example, the ground GND. 

With the level shifter 134 of the above arrange- 
ment, receiving a high level signal (VCC) from the 
NAND gate 133, NMOS 158 turns on. This causes 
PMOS 152 to turn on, bringing word line WU into 
40 the low level. Contrarily. receiving a low level signal 
from the NAND gate 133, NMOS 158 turns off. 
This causes NMOS 154 to turn on, which makes 
PMOS 156 turn on. bringing word line WU into the 
high level (VCC or VPP). 
46 With the level shifter thus constructed, there 

may be a case where a very high voltage, that is, 
VPP (12 to 20 V) is applied to PMOSes 152 and 
156, and NMOSes 154 and 158 constituting this 
circuit. For this reason, it is desirable that these 
50 MOSFETs should be made up of MOSFETs with 
high breakdown voltage. 

In contrast, to increase the integration, it is 
desirable that PMOSes 140. 142 and 148, and 
NMOSes 144, 146 and 150 constituting the row 
56 decoder 133 should be made up of MOSFETs of a 
fine construction. Making the MOSFET finer cre- 
ates the problem of decreasing the breakdown 
voltage. Consequently, constructing the row de- 



8 



BNSDOCID: <EP ^0535681 A2_U> 



15 



EP 0 535 681 A2 



16 



coder 1 33 and level shifter 1 34 of MOSFETs of the 
same configuration is expected to prevent the 
PROM from having a larger capacity. 

Accordingly, especially by using the semicon- 
ductor devices explained in the fifth to tenth em- 
iDodiments. PIVIOSes 152 and 156, and NMOSes 
154 and 158 are made up of NMOS 26(iio) and 
PIVIOS 28 (110) , which provides a thicker gate 
oxide film, and PMOSes 140, 142 and 148, 
NMOSes 144, 146 and 150 are composed of 
NMOS 26(100) andPMOS 28<ioo) with the thinner 
gate oxide film. This makes it possible to make the 
row decoder 133 of MOSFETs whose gate oxide 
film is thin enough for finer design, and to con- 
struct the level shifter 134 of MOSFETs whose 
thick gate oxide film provides a high breakdown 
voltage. 

Fig. 18 Is a perspective view, in cross section, 
of a portion of the MOSFET constituting a memory 
cell portion and peripheral circuit portion of the 
PROM of Fig. 16. 

As shown in Rg. 18, it is known that in a 
PROM memory, especially in an EEPROM. a first 
gate insulating film between the floating gate elec- 
trode 160 and p-type substrate 30i is made thin 
enough to become a tunnel insulating film. 

Particularly by using the semiconductor de- 
vices explained in the fifth to tenth embodiments, a 
memory cell 130 is formed on the p-type substrate 
30i with the (100) surface orientation, and the 
MOSFETs (PMOS 26(iio) and NMOS 28(i,o)) con- 
stituting the peripheral circuit portions of the row 
decoder and others are formed on, for example, 
the p-type epitaxial silicon layer 56 with the (110) 
surface orientation. 

With such a configuration, a gate insulting film 
can be formed so that the gate oxide film 62(ioo) 
may differ from the gate oxide film 62^^^Q) in film 
thickness. This makes it possible to form a gate 
insulating film so thin that a tunnel phenomenon of 
electrons takes place at the memory cell 130, and 
at the peripheral circuit portion, to make a gate 
insulating film thick enough to prevent a tunnel 
phenomenon from occurring during the normal cir- 
cuit operation. 

The present invention is not limited to the 
embodiments described so far, but may be prac- 
ticed or embodied in still other ways without de- 
parting from the spirit or essential character there- 
of. For instance, the silicon nitride film 50, which is 
formed so that the epitaxial silicon layers 52, 54. 
and 56 formed on the substrate 12 or 32 may be 
less affected by the crystal orientations of the 
substrate 10 or 30 during their growth, may be 
made up of other insulating films such as a silicon 
oxide film. 

Further, it is possible to reverse the surface 
orientation of the substrates 10 and 30 and that of 
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the substrates 12 and 32. that Is. to give the 
substrates 10 and 30 the (100) surface orientation, 
and the substrates 12 and 32 the (100) surface 
orientation. The surface orientation is not restricted 

5 to (100) and (110). Other surface orientations such 
as (111) may be used, taking into account the 
characteristics of an active element to be made, 
oxidation rate, and others. 

It is also possible to use three substrates of 

10 different surface orientations to form a semiconduc- 
tor body having three surface orientation portions, 
such as (100), (110). and (111). 

In addition, other semiconductor materials may 
be used instead of silicon. 

IS Further, it is, of course, possible to form other 

active elements such as bipolar transistors, in addi- 
tion to MOSFFETs, on the silicon body with dif- 
ferent surface orientation portions of the present 
invention. For instance, when surface orientation 

20 dependence is found in the characteristics of a 
bipolar transistor, a bipolar transistor may be 
formed in each portion with the surface orientation 
assuring the optimum characteristics. This is also 
with the scope of the present invention. 

25 As explained so far, with the present invention, 

it is possible to provide a semiconductor body 
capable of allowing semiconductor elements of dif- 
ferent conductivity types not only to display their 
full performance but also to form semiconductor 

30 elements with the optimum characteristics into a 
device, its manufacturing method, and a semicon- 
ductor device using the body. 

Claims 

35 

1- A semiconductor body characterized by com- 
prising: 

a semiconductor body (20); 
a first element formation surface {(100)} 
40 formed at the surface of said body, having a 

first surface orientation; and 

a second element formation surface {- 
(110)} formed almost parallel to said first ele- 
ment formation surface at the surface of said 
45 body, having a second surface orientation dif- 

ferent from said first surface orientation. 

2. A semiconductor body characterized by com- 
prising: 

50 a first semiconductor substrate (10) having 

a first and a second main surface, a first sur- 
face orientation appearing at said first main 
surface; 

a second semiconductor substrate (12) 
55 having a third main surface, a second surface 

orientation different from said first surface ori- 
entation appearing at the third main surface, 
and the third main surface being in contact 

9 
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with the second main surface of said first 
semiconductor substrate; and 

at least one opening (18) made in said first 
semiconductor substrate (10), at which the 
third main surface of said second semiconduc- 6 
tor substrate (12) appears. 

A semiconductor body according to claim 2, 
characterized by further comprising: 

a first element formation surface {(100)} io 
formed at said first main surface; and 

a second element formation surface {- 
(110)} formed at said third main surface ap- 
pearing in said opening. 

75 

A semiconductor body according to claim 3, 
characterized in that said first semiconductor 
substrate is a first-conductivity type semicon- 
ductor substrate (30), and said second semi- 
conductor substrate is a second-conductivity 20 
type semiconductor substrate (32). 

5. A semiconductor body according to claim 3. 
characterized in that said first semiconductor 
substrate (10) and said second semiconductor 2s 
substrate (12) are semiconductor substrates of 

the same conductivity type (30i . 3O2). 

6. A semiconductor body according to claim 2. 
characterized by further comprising: 30 

a semiconductor layer (52) formed in said 
opening (18), said second surface orientation 
appearing at its surface; 

a first element formation surface {(100)} 
formed at said first main surface; and 35 

a second element formation surface {- 
(1 1 0)} formed at said semiconductor layer. 

7. A semiconductor body according to claim 8, 
characterized in that said first semiconductor 40 
substrate is a first-conductivity type semicon- 
ductor substrate (30), and said second semi- 
conductor substrate is a second-conductivity 
type semiconductor substrate (32). 

45 

8. A semiconductor body according to claim 6, 
characterized in that said first semiconductor 
substrate (10) and said second semiconductor 
substrate (12) are semiconductor substrates of 

the same conductivity type (30i, 3O2). so 

9. A method of manufacturing a semiconductor 
body, characterized by comprising: 

the step of preparing a first semiconductor 
substrate (10) having a first and a second main 55 
surface, a first surface orientation appearing at 
said first main surface, and a second semicon- 
ductor substrate (12) having a third main sur- 



face, a second surface orientation different 
from said first surface" orientation appearing at 
the third main surface; 

the step of bringing said second main sur- 
face into contact with said third main surface; 
and 

the step of mal<ing at least one opening 
(18) in said first semiconductor substrate, at 
which said third main surface appears. 

10- A method of manufacturing a semiconductor 
body according to claim 9, characterized by 
further comprising: 

the step of performing the epitaxial growth 
of a semiconductor layer (52) in said opening 
(18). 

11. A semiconductor device characterized by com- 
prising: 

a semiconductor body (20); 

a first element formafion surface {(100)} 
formed at the surface of said body, having a 
first surface orientation; 

a second element formafion surface {- 
(110)} formed almost parallel to said first ele- 
ment formation surface at the surface of said 
body, having a second surface orientation dif- 
ferent from said first surface orientation; 

a first semiconductor element (26) formed 
at said first element formation surface; and 

a second semiconductor element (28) 
formed at said second element formation sur- 
face. 

12- A semiconductor device characterized by com- 
prising: 

a first semiconductor substrate (10) having 
a first and a second main surface, a first sur- 
face orientation appearing at said first main 
surface; 

a second semiconductor substrate (12) 
having a third main surface, a second surface 
orientation different from said first surface ori- 
entation appearing at the third main surface, 
and the third main surface being in contact 
with the second main surface of said first 
semiconductor substrate; 

at least one opening (18) made in said first 
semiconductor substrate (10), at which the 
third main surface of said second semiconduc- 
tor substrate (12) appears; 

a first element formation surface {(100)} 
formed at said first main surface; 

a second element formation surface {- 
(110)} formed at said third main surface ap- 
pearing in said opening; 

a first semiconductor element (26) formed 
at said first element formation surface; and 
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a second semiconductor element (28) 
formed at said second element formation sur- 
face. 

13. A semiconductor device characterized by com- 
prising: 

a first semiconductor substrate (1 0) having 
a first and a second main surface, a first sur- 
face orientation appearing at said first main 
surface; 

a second semiconductor substrate (12) 
having a third main surface, a second surface 
orientation different from said first surface ori- 
entation appearing at the third main surface, 
and the third main surface being in contact 
with the second main surface of said first 
semiconductor substrate; 

at least one opening (18) made in said first 
semiconductor substrate (10). at which the 
third main surface of said second semiconduc- 
tor substrate (12) appears; 

a semiconductor layer (52) formed in said 
opening, whose surface has said second sur- 
face orientation: 

a first element formation surface {(100)} 
formed at said first main surface; 

a second element formation surface {- 
(110)} formed at said third main surface ap- 
pearing in said opening; 

a first semiconductor element (26) formed 
at said first element formation surface; and 

a second semiconductor element (28) 
formed at said second element formation sur- 
face. 

14. A semiconductor device according to claim 11, 
12 or 13, characterized in that said first semi- 
conductor element (26) is a first-conductivity 
type semiconductor element (26), and said 
second semiconductor element (28) is a 
second-conductivity type semiconductor ele- 
ment (28). 

15. A semiconductor device according to claim 11, 
12 o5 13, characterized in that said first semi- 
conductor element (26) contains a first-con- 
ductivity type semiconductor element (28<ioo)) 
and a second-conductivity type semiconductor 
element (26(ioo)). and said second semiconduc- 
tor element (28) contains a first-conductivity 
type semiconductor element (28(iio)) and a 
second-conductivity type semiconductor ele- 
ment (26(1,0)). 

16. A semiconductor device according to claim 15, 
characterized in that said semiconductor ele- 
ments (26, 28) are both insulated-gate FETs; 

the device further comprises a bit line pair 



(BL, BL) connected to a memory cell (100). 
and a sense circuit (104) made up of insulated- 
gate FETs of said first and second conductivity 
types and connected between said bit line pair, 

5 which performs differential amplification of the 

signal transferred over the bit line pair; and 

the first-conductivity type insulated-gate 
FET constituting said sense circuit (104) is 
formed at said first element formation surface. 

70 and the . second-conductivity type insulated- 

gate FET constituting said sense circuit is 
formed at said second element formation sur- 
face. 

IS 17. A semiconductor device according to claim 15, 
characterized in that said semiconductor ele- 
ments (26, 28) are both insulated-gate FETs; 

the device further comprises a word line 
(WL). a bit line (BL), a memory cell (102) 

20 where a latch circuit composed of said 

insulated-gate FETs latches the data for subse- 
quent use, and a data transfer insulated-gate 
FET that determines whether or not said mem- 
ory cell (102) is allowed to transfer the data to 

25 the bit line (BL); and 

the Insulated-gate FETs constituting said 
latch circuit are formed at said first element 
formation surface, and said data transfer 
insulated-gate FET is formed at said second 

30 element formation surface. 

18. A semiconductor device according to claim 15. 
characterized in that said semiconductor ele- 
ments (26. 28) are both insulated-gate FETs; 

35 the device further comprises a memory 

cell (102) where a latch circuit composed of 
said first-conductivity type insulated-gate FET 
and said second-conductivity insulated-gate 
FET latches the data for subsequent use; and 

40 the first-conductivity type insulated-gate 

FET constituting said latch circuit is formed at 
said first element formation surface, and the 
second-conductivity type insulated-gate FET Is 
formed at said second element formation sur- 

45 face. 

19. A semiconductor device according to claim 15, 
characterized in that said semiconductor ele- 
ments (26. 28) are both insulated-gate FETs; 

50 the device further comprises a decoder 

(132) composed of said insulated gate FETs. 
for selecting a column or row of memory cells, 
a level shifter (134) composed of said insulated 
gate FETs, and connected to the output of said 

55 decoder (132). and a wire (WL) electrically 

connecting said level shifter (134) to said 
memory cell (130); and 

the insulated-gate FETs constituting said 



11 



BNSDOCID: <6P ^0535681 A2J_> 



21 



EP 0 535 681 A2 



decoder are formed at said first element for- 
mation surface, and the insulated-gate FETs 
constituting said level shifter are formed at 
said second element formation surface. 

5 

20. A semiconductor device according to claim 15, 
characterized in that said semiconductor ele- 
ments (26, 28) are both insulated-gate FETs; 

the device further comprises a memory 
cell containing a carrier storage portion (160) io 
composed of said insulated-gate FETs be- 
tween the gate and semiconductor substrate, 
for storing carriers, and an insulating film 
(62ioo) between the storage portion and said 
semiconductor substrate, as well as a periph- is 
oral circuit portion composed of insulated-gate 
FETs, for activating said memory cell; and 

the insulated-gate FETs constituting said 
memory cell are formed at said first element 
formation surface, and the insulated-gate FETs 20 
constituting said peripheral circuit portion are 
formed at said second element formation sur- 
face. 
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